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Abstract. Context awareness is a necessary feature for mobile collocated  
collaborative learning. In this paper we describe how requirements for context-
aware cooperative learning activities are derived from the jigsaw technique 
augmented with the use of mobile devices, applications to support the activities 
of groups, and tools to provide context-awareness to detect group formation. 
The emergence of groups is detected based on the location of the students 
within the classroom, but this information has to be careful filtered to evaluate 
the degree of uncertainty and protect from erroneous estimations. A three-phase 
strategy to manage uncertainty by identifying possible sources of uncertainty, 
representing uncertain information, and determining how to proceed under the 
presence of uncertainty is used for this propose. These requirements are  
validated and confirmed in experiments with students working together in the 
classroom, measuring neutral or positive effects on learning and the usefulness 
of introducing mobile devices, group support applications, and context aware-
ness. The ratio of unwanted interruptions to users made by the system is used to 
evaluate the utility of the system. Results show that by managing uncertainty, 
location estimation becomes more reliable, thus increasing the usefulness of the 
learning application. 
1   Introduction 
In traditional learning environments, students are generally regarded as passive learn-
ers. Assessments of student learning are generally based on their individual work such 
as quizzes, examinations and tests. Each student competes with his/her peers to obtain 
the highest score. Thus, in this method of teaching and learning, educational content 
is teacher-directed and learning is individualistic. In this context, the content is deliv-
ered to the learners by the teacher and the students rely mainly on the teacher, the 
knowledge expert, for their knowledge and information. 
In contrast, cooperative learning is an instruction method based on students working 
together in small groups to accomplish shared learning goals [10]. Students work and 
cooperate among themselves, helping each other to achieve the learning goals. This 
learning mode is student-centered and encourages students to cooperate and collaborate 
with each other in achieving their learning outcomes. There are many collaborative and 
42 R. Messeguer et al. 
cooperative learning methods, which also can be considered as group learning methods 
and used in both classroom-based and web-based environments. One of the methods 
adopted for achieving Cooperative Learning is The Jigsaw. 
As computer-supported collaborative learning (CSCL) applications that support 
group tasks are introduced in collocated cooperative learning settings, the overhead 
imposed by these tools on students and the instructor also increases. In particular, 
introducing tools to support groups imply that the instructor has to manually assign 
the groups, and students have to wait until the instructor completes this task. This is 
not convenient as it stresses the already overloaded instructor and introduces delays 
and additional burden to any participant in synchronous collaboration that occur in 
real time, progressing in parallel. Although there are many tools for providing some 
degree of automation and support for activities within a group, we haven’t found spe-
cific tools to automatically provide the applications with awareness of environmental 
changes, particularly on the organization of the classroom: mainly knowing in real 
time the structure of the classroom in groups and the roles assigned to each partici-
pant. The changing absolute or relative location of every significant element in the 
workplace (people or artifacts) is a rich source of information to understand the struc-
ture and performance of the collaborative task.  
We intend to use this information to automatically infer contextual information [2] 
(groupware context) that facilitates CSCL support. In this sense, by context we refer 
to any information that can be used to characterize an entity, where the entity can be a 
person, place or object that is considered relevant for the interaction between a user 
and an application, including the user and the application itself.  
A context-aware system has the capacity to perceive and capture the world sur-
rounding the user with the goal to adapt its behavior to provide information and ser-
vices that are useful and relevant to that place and time [1]. 
The context is characterized in different levels of abstraction: low level and high 
level. Low-level context is obtained directly from physical sensors, such as tempera-
ture, luminosity, noise, movement, air pressure, environmental humidity, among an-
other. Whereas high-level context is abstract and inferred from low-level context. For 
example, the activity, or the state of mind of the user is context that can be inferred 
using low level context [15].  
However, these low level mechanisms can provide uncertain information, because 
the contextual information can be imperfect, due to a flaw in the devices of perception 
or due to an error in the estimation or treatment of the contextual information. If this 
uncertainty is not considered and appropriately managed, a context-aware application 
might become unusable.  
The uncertainty in the context can originate from different sources, among those 
that highlight the incomplete, wrong or ambiguous information, for this reason a rea-
sonable doubt must always be maintained on all the available information. Some 
methods have been suggested to deal with uncertainty in the context. Mainly Bayesian 
networks and ontologies have been used to tackle this problem [7, 16, 18], some oth-
ers base on the creation and chaining of rules [19], using mediation, a dialogue  
between the user and the system [3], and the use of fuzzy logic [8, 16]. 
In our case we use a strategy for the administration of the uncertainty following 
three main steps: identifying and measuring the uncertainty and establishing actions to 
carry out in the presence of uncertainty. 
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The substantial contributions of this paper are: First, a list of requirements for a 
CSCL application in a mobile and collocated collaborative learning environment, and 
second the analysis of a strategy to provide the requirement “The system should 
automatically form real and virtual groups of students using the current context. (dy-
namic teams).” Finally, we propose to use the unwanted interruptions to users made 
by system and their cost [9] as a metric to evaluate the utility of the system. 
2   A Brief Review of Collaborative Learning and the Jigsaw 
Methodology 
Cooperative learning is an instruction method based on students working together in 
small groups to accomplish shared learning goals [10]. To make collaborative learn-
ing a success, there must be some kind of "glue" that holds the group together. Group 
members must feel they need one another, must want to help each other learn, and 
must have a personal stake in the success of the group. They also must have the skills 
necessary to make the group work effectively and be able to regularly analyse the 
group's strengths and weaknesses to make adjustments as needed. [12] Those experi-
enced in successful small group work have found five essential components (i.e., the 
"glue") that are necessary: Positive interdependence, Face-to-face promotive interac-
tions, Individual accountability and personal responsibility, Teamwork and social 
skills and Group processing. 
Successful collaborative learning requires effective implementation of student 
groups. Subdivision of the class into formal groups require more planning as to the 
size and have the same group members throughout its existence. In general, groups 
should be heterogeneous, so that in each group the different levels are represented, as 
well as both sexes and different socio-cultural backgrounds. For instance, students can 
be chosen randomly from an attendance roster or they can count off. For a class of 50 
students working in teams of 5 students, count off from 1 to 10 and then have each 
number meet in a specified place in the room [12].  
2.1   The Jigsaw Methodology 
The collaborative learning methodology followed in the experiments was a jigsaw, 
applied with success in technical courses in the literature [4] and in our classes.  
The basic premise of a jigsaw is to divide a problem into sections. Home groups 
are formed (fig. 2), with each team member taking responsibility for one section of 
the problem in question. Each student receives resources to complete only his part and 
becomes expert in this subject. Expert groups are then formed. Students who are re-
sponsible for the same section join together and form a new, temporary focus group 
whose purpose is for the students to master the concepts in their section, and to de-
velop a strategy for teaching what they have learned to the other students in their 
original collaborative learning group. After the expert groups have completed their 
work, the home groups, the original collaborative learning groups re-assemble. The 
students then teach one another the sections they have worked on. To ensure individ-
ual accountability, the students can be evaluated on all sections of the task. 
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Fig. 1. The Jigsaw methodology 
The stages of the jigsaw activity we followed are (fig. 1): 1.- Introduction of the 
topic (whole class), 2.- The teams go over the problem in question and assign a sec-
tion to each member. (by group), 3.- Individual work of each section of the problem 
(by student), 4.- Expert groups work to master the concepts of their section (by 
group), 5.- Home groups work to connects the various section to answer the problem 
in question (by group), and 6.- Evaluation (by student and/or by group). 
The jigsaw structure promotes positive interdependence and also provides a simple 
method to ensure individual accountability [11]. Positive interdependence means that 
team members need each other to succeed. In the Jigsaw, it relies on the fact that each 
individual possess specific resources needed for the group as a whole to succeed. This 
can be arranged by giving specific resources to different individuals in the group [12]. 
Individual accountability and personal accountability: to accomplish this, students 
must contribute their fair share. The instructor must structure the groups so that indi-
viduals do not have an opportunity to "hide". To ensure individual accountability, the 
students can be evaluated on all sections of the task [11]. Most cooperative learning 
experts agree that the approach works best if team grades are adjusted for individual 
performance. If this adjustment is not made, students who do little or no work may 
receive the same credit as those who do a great deal of work, which is unfair and 
works against the principle of individual accountability. We use peer ratings as a basis 
for team assignment grade adjustment [13]. 
The jigsaw activity implies several reorganizations of groups during the activity 
that is a critical and demanding task for the teacher which may require detailed plan-
ning and taking notes during the activity to track deviations from plan to facilitate 
further evaluation. Therefore dispensing the teacher from most part of this overhead is 
a goal for our work.  
3   Our Case Study 
The purpose of this study was to analyse and validate the requirements for the mobile 
collocated collaborative learning scenario, in particular the requirements for context 
awareness in terms of the detection of the structure of groups, and the consideration of 
the quality and uncertainty of that information used to immediately detect the organi-
zation of students in groups. 
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This experiment has been done at the EPSC campus of UPC, an engineering school 
built and designed to be based in the collaborative learning and project based learning 
models. Classrooms are equipped with tables and chairs having collaborative learning 
in mind. Experiments have been done in a subject where each student has a laptop 
connected via a WiFi network and they interact with one or more collaborating peers 
to solve a given problem. 
This was applied to a course with 28 Telecommunications Engineering students. 
The students and instructors have experience in using the jigsaw methodology in dif-
ferent courses, only with paper and pencil, and also with laptops just to take notes, but 
not with additional support for communication and collaboration. 
4   Requirements for Mobile Collocated Collaborative Learning 
In this section, we determine the requirements for an application in a mobile/dynamic 
collocated collaborative learning environment by describing two typical use cases and 
pointing out how this application would improve the learning process. The first use 
case describes a student activity (see section 4.1) while the second describes the same 
activity but viewed by the instructor (section 4.2). 
4.1   The Viewpoint of the Student 
Pepe arrives to the classroom and, as all other students goes to collect a laptop to per-
form the activity. When all students are seated the instructor describes today’s activity 
and the expected deliverables at the end. 
The instructor creates the groups assigning a number to each student. Pepe has 
number 2 and looks for other students with the same number. All of them are going to 
form a working group for that activity. After students move around the classroom, 
Pepe finds his group companions. As a group, they grab a pair of tables and 3 chairs 
to “create” their own work space. The instructor delivers 3 exercises (A, B and C) in 
the campus web site. Pepe and his companions take a rapid look at the exercises and 
distribute one for each of them. Pepe has got the exercise C. In this moment, the in-
structor informs them they have 20 minutes to, individually, understand the assigned 
problem and attempt to solve it. Pepe starts to solve it, although he is not able to reach 
a conclusion. He asks the instructor for help. The instructor tells him to write down 
the steps followed in the development of the question and the results, together with 
the doubts he has. 
After 20 minutes of work, then comes the creation of the groups of experts. The 4 
students that have worked on exercise C form an expert group. The instructor informs 
they have 20 minutes more to solve the doubts, agree upon a possible solution for the 
exercise and prepare a few notes on how to explain it to his initial group colleagues. 
Pepe and his new companions share notes and discuss how each has solved the exer-
cise, trying to clarify and resolve their doubts. They discuss on the potential conclu-
sions but no agreement is reached. The instructor helps them to understand the  
exercise and reach to a correct conclusion that they write down as a summary. 
Afterwards, the instructor informs that the time is over, and now they have to re-
turn to the original group to explain each other the exercises. Pepe has to come back 
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to his home group. Finally the instructor tells them to put together the three exercises. 
The home group starts to write up the final report for the activity with their results and 
their conclusions on the final complex problem. The three of them work together on 
the same laptop to write up this report taking fragments from the previous documents. 
To finish the activity, each of them individually has to perform a small test on the 
campus web site about concepts exercised during the activity.  
A CSCL application that allows a mobile and dynamic collocated collaborative learn-
ing could have supported Pepe by enabling him to: 1.- Know which group he belongs to 
2.- Write diaries or notes of his activity or experiments (individual document space) 3.- 
Share their diaries or notes (group document space) 4.- Use a collaborative group editor 
to assemble the final report, and 5.- Manage report and test deliverables. 
4.2   The Viewpoint of the Instructor 
Juan, the instructor, helps students to distribute the laptops inside the carriage. He 
explains the activity for today’s class. He insists on the individual accountability of 
cooperative learning. Each student has to be accountable for the group results and that 
the individual mark depends on the marks of the group companions. 
Juan is going to organize the groups. Students are numbered. He tells them to form 
groups by numbers. Juan waits a couple of minutes until all groups get together. As the 
groups organize, he goes around each table and delivers the forms for each part (A, B and 
C) of the jigsaw. Juan tells them to distribute the exercises and that reminds they have 20 
minutes to work individually on them. A couple of students more call the instructor. The 
first has difficulties to understand the exercise, Juan does the necessary clarifications. The 
second has problems with his computer, there is not enough battery. During the 20 min-
utes of individual work, Juan continues to resolve the doubts of the students with the 
exercise, doubts with the use of the tools and interpretation of the exercise values. There 
are some students who stand up and clarify their doubts with students from other groups. 
5 minutes before the end of the class he asks everyone to annotate their doubts, the steps 
followed on the solution and the results obtained. 
Now Juan informs that the time is over and creates the groups of experts. He indi-
cates to create 6 groups (two A, two B and two C). He assigns 20 minutes to jointly 
solve the doubts, the solution and conclusions. During the work in groups of experts, 
Juan solves a few doubts. The students inside the same group solve most of them. 
There is almost no movement of students asking or talking with other groups. How-
ever, Juan continues to handle technical problems. 
Juan announces the time is over. He instructs the students to go back to the home 
groups. As the groups reorganize Juan delivers a list of questions and conclusions to 
resolve regarding the combined problem, sum of the three parts. In the classroom 
there is quite amount of movement, essentially people needing data or any conclusion 
from the work of experts and they don’t have them properly written down. 10 minutes 
before ending the activity, Juan asks them to leave the reports and prepare to perform 
a short individual test.  
A CSCL application working on a mobile and dynamic collocated collaborative 
learning could have supported Juan by enabling him to: 1.- Create and manage auto-
matically and dynamically groups 2.- View and record for later inspection a real time 
classroom/activity snapshot, and 3.- Manage report and test deliverables 
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4.3   Summary of Requirements  
The list of requirements obtained from the previous cases can be summarized as  
follows: 
• R1: A student should be able to write and read his own documents, diaries or 
notes of learning activity (personal workspace) 
• R2: A student or a group should be able to submit deliverables, and the instructor 
should be able to access and evaluate them (repository of deliverables) 
• R3: A student should be able to move around the classroom, even further, with a 
computer: a mobile device connected to a wireless network (Mobility of students) 
• R4: Students need an adequate space to work in groups (tables, chairs, etc)  
• R5: Team-mates should be able to share their (digital) documents, diaries or 
notes (team repository) 
• R6: Team-mates should be able to work together with the same text or document 
(collaborative workspace) 
• R7: The system should automatically form real and virtual groups of students 
using the current context. (dynamic teams) 
• R8: An instructor should have a real-time view or snapshot of the classroom to 
provide awareness of the activity going on and to support evaluation. 
 
Most of these requirements have already been worked and proved in other studies. 
The 4th requirement is not technological. It is a prerequisite for working in groups at 
the classroom. It is covered with a classroom adapted to it. Electronic learning or E-
learning is a general term used to refer to computer-enhanced learning. These systems 
cover the requirements R1 and R2 perfectly. Mobile learning or M-learning happens 
across locations, or that takes advantage of learning opportunities offered by portable 
technologies. In the technological evolution chain (Fig. 1), it corresponds with the 
second steep, Mobile Computing; so R3 is covered by mobile learning. Moreover, 
electronic and mobile learning with the right computer applications can become a 
Computer Supported Collaborative Learning (CSCL) environment that focus on the 
socio-cognitive process of social knowledge building and sharing. The CSCL systems 
provide tools to satisfy the R5 and R6 requirements.  
A goal for this work was to satisfy requirements R7 and R8 in collocated collabo-
rative learning. 
5   Effects of Supporting Learning in the Performance of the Class 
To assess the importance of some requirements, we performed experiments with 
groups of students from a course to distinguish the contribution of three aspects that 
we want to evaluate with respect to the requirements that were identified: Computer 
support (R1, R2) support for mobility (R3, R4), computer-support to the activity of 
the group (R5, R6), context-awareness (R7, R8). For that, we have defined four dif-
ferent situations:  
a) Students use desktop (not mobile) PC, no computer-support for collaboration. 
This is the control group. 
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b) Students and groups use laptops (thus adding support for mobility), but no com-
puter-support for collaborative tasks. 
c) (b) adding a collaborative workspace software providing screen sharing for 
groups (thus adding support for collaboration), no automatic detection of groups 
(done manually by the teacher). 
d) (c) adding location awareness to provide automatic context-awareness: groups 
with laptops, shared group folder application and automatic group detection. 
5.1  The Process of Observation / Evaluation 
Our observation and evaluation are focused on the impact of the technology in the learn-
ing process. In [14], they propose different methods of process-oriented evaluation. In 
our case study, we evaluate a real activity. The students must perform their work and 
then be evaluated. Therefore, we use this information assessment to complement with 
other methods. 
The observation and evaluation of the experiments is based on four sources: 1.-
Individual assessment, an individual quiz on the topics covered in the class, 2.-
Group’s outcome assessment, evaluating the activity group report, 3.-The opinions of 
students obtained from the Critical Incident Technique or CIT questionnaire [6] used 
for collecting direct observations of human behaviour that have critical significance1, 
and 4.- The observations from the instructors (an ethnographic technique: Direct, 
first-hand observation of daily behaviour). 
5.2   Results and Findings 
Table 1 shows the results obtained from experiments in all scenarios measured against 
the individual assessment (average and standard deviation) obtained from a quiz on 
the topics covered during the activity. The knowledge acquired by each individual 
does not change, or at least not clearly (variations up to 10% in averages), with the 
scenario (different levels of support) where the activity was performed.  
Table 2 shows the results from experiments in several scenarios measured against 
the group assessment (average and standard deviation) obtained from evaluating the 
activity group report. The assessment obtained by the group (table 2) does have a 
clear dependency (variations up to 40% in averages) with the scenario where the  
activity was performed.  
Table 1. Individual accounting (scores from a quiz on the topics covered in the class) 
 Control group Mobility Mobility   + 
collaboration 
Mobility +  
collaboration +  
context 
Average (0-10) 8 7.4 7.9 8.2 
Std Deviation 2.5 2.3 2.6 2.5 
                                                          
1 A critical incident can be described as one that makes a significant contribution - either posi-
tively or negatively - to an activity or phenomenon. 
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Table 2. Group’s outcome accounting (scores from evaluating the activity group report) 
 Control group Mobility Mobility +  
collaboration 
Mobility +  
collaboration +  
context 
Average (0-10) 6.25 7.0 8.4 9.1 
Std Deviation 1.2 2.3 2.6 1.9 
 
We have found that deriving group membership information from location infor-
mation based on WiFi networks is technically viable, can be incorporated in CSCL 
applications and the use is beneficial for group participants using CSCL applications. 
The effect can be perceived in terms of improvement on the learning outcomes and 
thus in student’s qualifications. As we add further support to the scenarios the out-
comes of the work in groups improve, and therefore collaborative groups become 
more efficient. 
The results from the CIT questionnaire support these findings. The great majority 
of students affirm that either the use of laptops (21/28 75%), or the use of a collabora-
tive system (17/28 60%) have been useful in the activity. However, when more details 
are requested, some responses supporting that statement seem to be less reliable as the 
higher motivation seems to come from the technological novelty. Other responses 
highlight that these scenarios are more adapted to the activity. A few of them observe 
an improvement of group work when a collaborative system was used, or an im-
provement in the work in groups and in mobility in the scenario using laptops. Among 
the negative opinions, the duration of the activity appears at the top. Some students 
claim that both laptops and the collaborative software only contributed to spend time 
by using unknown programs or computers. This was probably due to the lack of ex-
perience of the instructor and students who had the additional work of learning to use 
the tools as this didn't appear in further sessions. 
Finally, among the observations from the instructors, several technical problems 
are reported, unrelated to the planning of the activity: load and change of laptop bat-
teries, lack of experience in using the collaborative application, technical problems to 
access to the wireless network, etc. These were also solved in further sessions. 
5.3   Lessons Learned and the Need for Context Awareness 
The initial lessons and obstacles we faced were related to the problems with the loca-
tion mechanism (errors in the estimation due to the movement of students). The esti-
mation errors are disturbing when they imply a change in group membership and then 
an interruption in the activity of the students involved. 
These estimation errors and uncertainty that cause interruptions in the activity 
should be appropriately managed otherwise a context-aware application might be-
come unusable. For example when the system gives a wrong estimation, the user is 
changed to another group or context, interrupting his work, breaking the user's atten-
tion on the current task to focus on the interruption temporarily [17] and requiring an 
action to return to the correct group.  There are many types of unwanted interruptions. 
In this paper we focus on the interruptions generated by the own system and their cost 
[9] as a metric to evaluate the utility of the system. 
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Comparing the collected location data from what it really occurred and annotated 
during the experiments, we learned that: a) students were always part of a group, even 
when the location data incorrectly indicated they were far from any group or outside 
the classroom, and b) there are not many frequent group membership changes around 
the classroom during the activities, even when the location data indicated a student 
was rapidly moving to several groups: some students just stand up and ask their 
doubts to colleagues that belong to other groups, the majority of them carrying their 
laptop. This is useful for the dynamic management of groups, but does not signal a 
formal group change. 
Finally, we find the following requirements useful but they are not yet fully  
addressed or resolved: 
R7: The system should form automatically real and virtual groups of students using 
the current context. (dynamic teams) 
R8: An instructor should view a real time classroom snapshot for activity log and 
evaluation support. 
6   Context-Awareness and Management of Uncertainty for 
Collocated Collaborative Learning 
Our group membership service calculates group membership based on location in-
formation with some rules to filter out misleading or unreliable information. This in-
formation on group membership enables applications to automatically allocate tools, 
resources, etc. to students depending on the group to which they belong.   
6.1   Formation and Estimation of Working Groups 
Our mechanism for determining group membership uses the location of the user to 
determine the group to which it belongs. For that it collects several data about each 
student: location (calculated from the received power from the WiFi network using 
fingerprinting from multiple WiFi access points), identity (calculated from the MAC 
network address of the laptop assigned to each student) and the time (in fact an event 
counter calculated from the timestamps of the centralized logging system). Figure 2 
presents the general structure of the mechanism of group assignment.  
 
Fig. 2. Group estimation 
The first step to test or use our service is to map the classroom: this is done by tak-
ing multiple measures of power levels from multiple access points (fingerprinting) at 
many places within the classroom. With that collection of measures we need to statis-
tically test the reliability of the location estimations at each point (a very similar or the 
same pattern of power can appear at a distant place in the room).  
Group 
MemberShip 
(MAC 00-13-02-DE-54-A2) Deterministic rules 
Location 
Time 
Identity 
(41°18‘N,2°06‘) 
(15h23’34’’) (Group 3) 
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We need to determine the criteria to decide on membership: it can purely be the 
proximity to some coordinates, the proximity to a certain object (e.g. a table), or to a 
person (to group leaders). This is therefore very specific to the physical room (but 
ideally reusable for any activity performed at that room) and the activity performed 
(regarding the criteria for membership). 
After that, the actual activity can take place and our service will be able to guess  
the group to which a student belongs on the basis of his location within the classroom. 
6.2   Management of Uncertainty 
In our scenario, we have found that uncertainty appears due to low resolution and lack 
of accuracy of the contextual information, precisely on the location of every student. 
To be able to handle uncertainty firstly we must be able to identify the existence of 
it. For that, we must create a representation of the uncertainty, with the aim of creat-
ing rules that can signal its presence or absence. 
Spatial uncertainty occurs when the location information of a laptop points to a in-
correct place, the “forbidden zone” (e.g. far away from any groups, outside the room) 
as in our activity students were always assigned to a group. A rule detects these cases 
that are signaled as “uncertain”. 
Temporary uncertainty in group assignment is signaled by a rule every time there 
is a change in location that leaves the participant in a new group as in our activity 
students do not change group too often. This rule allows us to evaluate the presence or 
absence of uncertainty in an assignment to a group (if the change of location and thus 
group membership is confirmed with further location samples, then that uncertainty 
disappears). 
These two rules help us to know about the presence of uncertainty in the assign-
ment to a group of one student. 
This way we classify all the estimations as true or uncertain, following the schema 
shown in Figure 3. 
 
Fig. 3. Management of uncertainty 
The utility of this classification is double, first it allows identifying unsafe and 
probably erroneous estimations, and it also allows to process and to mask these uncer-
tain estimates to improve the precision of the system. 
For the case of original uncertainty (uncertainty in the location data: incorrect or 
multiple possible locations) (Fig. 4), a rule combines that information with other con-
textual elements. This is, if original uncertainty is detected, the service looks for the 
nearest student to the current location and assigns the same group to it. The estab-
lishment of this mechanism of group assignment is based on the fact that a student is 
relatively close to his group partners, and there is strong evidence that the closest stu-
dent to the student with uncertainty is usually a member of that same group. 
Strategy 
Output 
Classified Esti-
mations 
Uncertain 
Group 
MemberShip 
Certain 
(Group 3) (Group3,Uncertain) 
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Fig. 4. Action of combination with other contextual elements in original uncertainty 
 
Fig. 5. Action of re-estimation in derivated uncertainty 
In the case of temporary uncertainty (Fig. 5), the action to carry out is to wait or 
perform a re-estimation of location. This is, when the temporary uncertainty is de-
tected the application repeats the process based on a new location sample with the aim 
of confirming the change of group. It has been found that two consecutive assign-
ments to the same group usually implies that the change of group is correct. 
6.3   Simulation, Results and Findings 
Using the log data collected in the experiments with students in the mobil-
ity+collaboration+context scenario we have evaluated our mechanism (the rules) 
comparing to what it really happened (the ideal or “true logs”). 
Table 3. Estimations classified and improved with the strategy of management of uncertainty 
Estimation Correct (%) Uncertain Wrong (%) 
Home 1546 (95%) 44 30 (1%) 
Expert 1579 (97%) 27 14 (<1%) 
Table 4. Relationship of wrong estimations among those marked as uncertain 
Estimation Wrong/Uncert 
Home 41 / 41 
Expert 25 / 27 
 
Table 3 shows the accuracy of this mechanism to detect uncertainty (measured 
group membership estimations considered correct, considered uncertain with respect 
to those we knew were wrong). A pattern that we have observed in this application 
Action 
Uncertain 
Certain 
Uncertain 
Certain 
Action 
Uncertain 
Certain 
   Uncertain 
Certain 
Context 
Information 
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specific scenario is that the great majority of the estimations marked as uncertain, 
correspond to wrong estimations in reality, as it can be observed in Table 4.  
6.4   Effect on the User: Interruptions and Notifications 
It has to be noted that not every erroneous or uncertain estimations implies an inter-
ruption in the attention of the student. For example, two consecutive erroneous or 
uncertain estimations are not two interruptions but just one. The first one interrupts 
the student and changes its focus away from the main activity towards the change of 
context, tools, group, etc. decided by the system, but the second one does not inter-
rupt. The student already has left his main activity. 
For that reason we defined a burst as a sequence of erroneous and/or uncertain es-
timations. The end of the burst, the return to normality, is identified with two correct 
consecutive estimations. From the log data we identified the bursts with erroneous 
and/or uncertain estimations. In the case of an uncertainty estimation burst, without 
erroneous estimations, the system would not carry out any action: it would just inform 
(notification) the user of this state of uncertainty, without interrupting the activity of 
the student. 
In table 5 we present the total number of bursts with erroneous and uncertain esti-
mations that can be observed during a concrete activity. We also show the total num-
ber of bursts composed by uncertain estimations. Table 6 shows the impact on the 
activity of the student, measured in interruptions and notifications. 
Table 5. Total of bursts of erroneous estimations and in the case with uncertainty management 
also the bursts with uncertain estimations 
Uncertainty 
management 
Without  UIT 
Group/Burst  Erroneous & Uncertain Erroneous & Uncertain Uncertain only 
Home 211 34 20 
Expert 200 18 11 
Table 6. Average of interruptions for student and activity with the strategy of management of 
uncertainty and the average of uncertain information for student and activity 
Group Interruptions Information 
Home 1.1 1.6 
Expert 0.5 1.0 
6.5   Comments and Discussion 
Looking at the requirements presented before: 
“R7: The system should form automatically real and virtual groups of students us-
ing the current context. (dynamic teams).” 
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In table 6, we can clearly see that with the original algorithm the student had an 
average of 7 to 8 interruptions while performing an activity of 30 minutes of duration. 
We think that this value is too high as it distracts too much the operation of groups 
and student activities. With uncertainty management, these interruptions go down to 
one, on average, for each student during the same activity. We believe this value is 
acceptable and has little impact in the operation of the group or the student. 
Therefore we find that a mechanism for the administration of uncertainty, precisely 
the labelling of the uncertain estimations, is very useful for the design of context-
aware applications that assisting the user with automatic group membership detection. 
This group membership information can be further exploited as pointed out by R8  
“An instructor should view a real time classroom snapshot for activity log and 
evaluation support”. This application has not been built but it would be possible to 
build and probably very useful for the teacher as a record of the activity (it contains 
the history of location, identity, time and all estimations of location certainty and 
groups) for evaluation. 
7   Related Work  
In [21], working on supporting collaborative activities amon learners, they focus on 
supporting social interaction, and they design three levels of social interaction func-
tions: Encounter, Communication and Collaboration. In this paper, we focus on the 
encounter functions of social interaction, while applications use this information to 
provide the later functions. At the encounter process, we propose to dynamically form 
groups by adding location information to context learner information. Moreover, we 
propose to dynamically assign roles to learners.  
Previous work that integrates Ubiquitous Computing in learning surroundings with 
Computer-supported collaborative learning includes [20], which focuses on a context 
aware environment to support the needs of peer-to-peer collaborative learning in vir-
tual communities. A difference with this paper is that we focus on face-to-face coop-
erative learning with computer support environments.  
[6] discusses on contextual information about groups (team learning context). They 
focus on workspace and social awareness and they even comment on team formation 
support: closed and opened teams, joined and left manually and dynamic teams 
formed automatically by the system based on context and metainformation, but there 
is no evaluation of it. [22] proposes the use of self-organization in CSCL with the use 
of macro-scripts, a pedagogical method to organize activities. In some way the design 
of learning activites can be seen as macro-scripts. In fact they present as an example 
the "Jigsaw-script family" [23] describes how to integrate tools, individuals and learn-
ing material in a flexible manner as computational grids, called “learning grids”. In 
our work contextual information is used to build these grids dynamically. [17] discusses 
about interruptions on team awareness. It claims that the problem with interruptions are 
not on the data on in the processing but on the collection and representation and they 
propose a novel interface.  
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8   Conclusions 
In this paper, we have explored the use of context-awareness in collaborative learning 
scenarios. Therefore we set up a ubiquitous learning scenario in a mobile and collo-
cated collaborative learning environment. Based on several experiments performed in 
real classrooms and classes we have reported on lessons learned from such an experi-
ence and a list of requirements for a CSCL application.   
Automatic derivation of contextual information is particularly needed to satisfy the 
important requirement of “An automatic and dynamic group manager that supports a 
student interface with collaborative group tools and document spaces”. 
In the light of this, we have implemented a system or service that based on location 
information of the laptops used by the students in the classroom connected to multiple 
WiFi access points is able to automatically estimate group membership. This informa-
tion has to be careful filtered to evaluate the degree of uncertainty and protect from 
erroneous estimations that cause undesirable interruptions to the students. For this 
propose we used the strategy for uncertainty management based on a structure which 
consists of three main stages: identification, measurement and dealing with uncer-
tainty. The utility of this strategy is double, first it allows identifying unsafe and 
probably erroneous estimations, and it also allows to process and to correct these un-
certain estimates to improve the precision of the system. Finally we have evaluated 
the utility in terms of the rate of unwanted interruptions to users’ activity made by 
system. The quality of the filtered location estimates has been found good enough to 
reliably detect the formation of groups. These results enable the construction of group 
support applications that effectively assist group members to automatically share, 
communicate and coordinate as they move and reorganize in synchronous and collo-
cated collaborative learning activities. 
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